Introduction
Following the pioneer work of Caspersson (1936) , it has been accepted by many workers that the amount of deoxyribonucleic acid (DNA) in individual cell nuclei is the same in any organs of the body, except in liver, pancreas, and a few others, in the same animal species (from mammalian to fish) (Farnzer and Davidson 1953 , Mirsky and Ris 1951 , Swifft 1950 , Vendrely and Vendrely 1948 . Furthermore, many investigators have offered evidence indicating that there is an intimate correlation between the amount of DNA per cell nucleus and chromosome number. It was summarized that data concerning DNA per cell and chromosome numbers as presented by several workers as follows:
1) Under normal conditions the amount of DNA per cell is directly proportional to the chromosome number and the quantity is constant in a cell, 2) the amount of DNA can vary within predicted limits according to ploidy and the stage of DNA replication or cell division (Franzer and Davidson 1953, Swifft 1950 ) some variation occurs according to meta bolic activity of the cells concerned (Chanyen 1958 , Evance 1956 , Leuchten berger and Schrader 1952 .
Recently, however, Sod-Moriah and Schmidt (1968) reported that the cells with extra DNA (the so-called aneuploid cells), were present in mammary gland epithelial cells of rabbits. Pogo et al. (1960) and Fautreze (1957) also found the cells or nuclei to have DNA of intermediate ploidies (3n, 6n, etc.) or a continuum of DNA content in adult mouse liver tissues. Therefore, at the present time, it seems necessary to make a re-evaluation of the measure ment of DNA per cell nucleus in various organs and the value per nucleus, to be compared with proliferative rate of cells in various tissue in some animals.
The aim of the present work is to re-examine DNA value per nucleus in various organs in rat and Syrian hamster, and comparing its result with the synthetic pattern of DNA in cell nucleus during animal growth, from embryo to the adult, by means of cytospectrophotometry and 3H-thymidine autoradiographic technique. (Inui and Takayama 1968) . DNA content per nucleus was determined by the single-wave length method at 555 mp by the use of a microspectrophotometer (Olympus Co., Model MSP-A1V).
In each specimen, random samples of 50 to 100 nuclei were measured and the DNA value was calculated according to the standard formula of Pollister and Ris (1947) . Details of the method of measurement have been described elsewhere (Inui and Takayama 1968) . Adjacent sections were stained with hematoxyline eosin and used for histological examination. Tables 1  and 2 . About 10% or more cells had 3H-TdR silver grains in the cells of embryonic glandular stomach and thymus, and the labeling index was over 2916 even in granular cells of cerebellum at this age. These labeled cells rapidly declined to almost zero by the end of 2 weeks after birth except in foveolar cells of glandular stomach.
The small amount of labeled cells , however, remained in thymus, liver, and kidney till the end of 3 months after birth, but in 6-month-old animals, these cells did not appear even in liver and kidney.
In the cerebellum of both species, however, labeling index rapid ly dropped to almost zero at the end of 1 week after birth, and no labeled cells animals. Generally speaking, the mitotic index also showed almost the same result as the labeling index, in the organs examined (Tables 1 and 2 ). Mitotic figures in glandular stomach appeared in a fairly high frequency, between 0.4 and about 2% throughout animal growth, and no mitosis was observed in the tissues of adult animals except in stomach. From these results, there seems to be a fairly close correlation between labeling and mitotic indices in these tissues observed, i.e., the cells in the S-phase progresses to G2-phase, and would enter into mitosis.
DNA values of five organs from Syrian hamsters at various ages
Cytologia 35 1970 Results of DNA measurement in individual nucleus of cerebellum, thymus, glandular stomach, liver, and kidney of the hamsters from embryo to adult age studied here are shown in Figs. 1 to 4. It is evident from Fig. 1 that the DNA value of cell nuclei from five organs of the embryo examined revealed a fairly sharp modal peak in diploid range (2C) with a limited range of deviation from diploid to tetraploid. Over 50% of the entire cells measured fell into this mode. There was a fairly large scattering of values around the mode and standard deviation also showed relatively large values. The histo grams in Figs. 2 and 3 second peak appeared in tetraploid region, and almost 20% of total cells measured fell into tetraploid range.
The cells with over tetraploid DNA value also began to appear at 3rd day after birth ages.
In the adult animals 6 months old, the DNA value from four organs examined, except liver tissue, showed a sharp peak in diploid region with a limited but rather narrower deviation than those seen in embryonic and suckling animals. Over 60% of the cells was in this range.
In liver tissue in this age, however, sharp bimodal peaks existed in diploid and tetraploid regions. Forty-two percent of the total cells fell into diploid, 40% of the cells were in tetraploid, and 4 to 6% of cells examined in over tetraploid or hexaploid region (Fig. 4) .
DNA values of five organs from Buffalo rats at various ages
The DNA content of cell nucleus from five organs here measured at various ages from embryo to adults are shown in Figs. 5-7 .
The DNA content examined in embryonic tissues is shown as a histogram in Fig. 5 . It will be noted from Fig. 5 organs of adult than in that of embryo or suckling animals . In liver tissues at these ages, also, a prominent peak of DNA lay in diploid range , and over 40% of the cells fell into this range but it may be noted that a fairly marked second peak appeared in tetraploid region, and 18% in suckling and 40% in adult cells observed fell into tetraploid range . Further, in the adult animal, a sharp bimodal peak appeared in diploid and tetraploid regions with a large deviation between hyperdiploid and near-octaploid ranges .
DNA values of liver from Syrian hamsters and Buffalo rats at various ages
The results of DNA measurement on individual cell nuclei of liver tissues from two species of animals during their developmental stage from terminal embryo to adults are shown in Figs. 8 and 9 . In both species of animals , it is evident from Figs. 8 and 9 that the cells with diploid DNA value showed a main modal peak with limited range of deviation from diploid to tetraploid ranges, in liver tissues of embryo and the animals within 24 hours after birth . Between 38 and 45% of the cells fell into this mode and there was no tetraploid peak in these ages.
The tetraploid cells began to appear in liver tissues at the end of 3 days after birth, and their number increased gradually until 6 months after birth.
In the animals of 6 months of age, the liver showed two distinct modal peaks lying at diploid and tetraploid range, and 40% of the cells examined fell into these two peaks.
The cells with over tetraploid DNA also began to appear in the animals 3 days after birth.
It was recognized therefore that there was a much larger scattering of the values than that in liver from embryo or newborn animals. of embryonic tissues showed a variation. About 10% or more of the cells had 3H -TdR silver grains in embryonic thymus and glandular stomach, and even in cerebellum of both species, labeling index being over 29% Mitotic index also showed various values from 0.4% in hamster cerebellum to 2.6% in rat thymus. Fig. 11 shows the relationship between mean amount of DNA, and labeling Buffalo RatSyrian Hamster Fig. 11 . Correlation among mean DNA value, 3H-TdR labeling index, and mitotic frequency in adult animals of 6 months after birth in Syrian hamster and Buffalo rat.
and mitotic indices of hamster and rat 6 months old. The DNA value was almost constant in different organs, while labeling and mitotic indices were zero in organs except in glandular stomach. In the stomach of these two animals, labeling index was 5% and mitotic index, 0.7%.
From these results, it will be noted that there is a fairly close relationship between labeling and mitotic indices in these organs but the mean DNA value is constant in any organs examined.
Discussion
Cytophotometric data have shown that there is a constancy in the amount of DNA per nucleus in parallel with the number of chromosomes in the same animal species. By measurement of DNA in tissues of rats, frogs, bulls, and other animals, many workers showed that the amount of DNA per somatic cell nucleus was approximately the same in kidney, lymphcytes, and some part of the body expect in liver and pancreas, and the amount of DNA was one-half the value in sperm of bulls (Franzer and Davidson 1953 , Ris and Mirsky 1949 , Swifft 1950 . Recentry, however, some workers presented data suggesting a variation of the DNA amount in the nucleus of some organs in some animal species. For example, in Purkinje cells in cerebellum of rats and human or in pyramidal cells in hippocampus of cats, about 20-30% of the cells showed a tetraploid or near tetraploid DNA value, whereas the remaining cell type in these tissues, including glial cells, interneurons, and granule cells, had diploid DNA value. Besides, these tetraploid cells increased with animal age (Herman and Lapham 1968 , Lapham 1968 , Sandritter 1967 . Further, it was reported that the cells of intermediate DNA of cells with extra DNA existed in liver of mouse or in proliferating mammary gland of rabbits (Pogo et al. 1960 , Sod-Moriah 1968 .
Data presented here have shown that in normal tissue cells of hamsters and rats, the modal value of DNA has a basic diploid value with narrow and limited deviation from cell to cell. In embryonic tissues and epithelial cells of glandular stomach, the modal peak of DNA was relatively lower than that of adult tissues. Therefore, in these organs, the deviation of DNA was much larger than that of adult tissue. Mitotic and 3H-TdR labeling index, also, showed a high value in proliferating tissues, such as embryonic tissues or glandular stomach of animals. However, existence of modal cells with intermediated or extra DNA was not found in any organs of the body examined from these two species of animals. The polyplcid cells, such as of tetra-or octaploid DNA value, were observed in liver tissues in both species of animals, but over 16-ploid nucleus was not recognized in this investigation. Further, it was found that there was a close relationship between labeling index and mitotic index, and the tissues which showed a large DNA deviation showed a high level of labeling and mitotic indices. Data from DNA measurement did not show the presence of cells with extra or intermediate DNA, even in the cells of proliferative tissues.
As shown in Figs. 1 to 7, the mode of DNA content in somatic cells from five organs of hamsters and rats was in diploid range and the mode of intermediate or over tetraploid cells did not appear except in liver tissues of the adult. Difference in the results between this experiments and the studies of Pogo and Fautreze might be due to the different animal species used or the latter may not have paid their attention on the synthetic pattern of DNA of their materials.
From these data, it would be supposed that appearance of the cells with extra or intermediate DNA value is due to the cells in S or G2-phase. However, it seems necessary to carry out further studies on analysis concerning the mechanism of cell polyploidizations.
Summary
Microspectrophotometric evaluation of the DNA content of cell nuclei and 3H-thymidine autoradiography were carried out on the cells from cere bellums, thymus, glandular stomach, liver, and kidney of embryonic, suckling, and adult Syrian hamsters and Buffalo rats. The results obtained from this study were as follows: 1) In both hamsters and rats, the cells with diploid DNA (2C) showed the main modal peak in various organs examined of embryonic to 6-month-old animals. 2) In liver tissues, tetraploid cells (4C) began to appear in the 3-day-old animals and increased gradually in number until 6 months old, 40% or more of the cells showing tetraploid value of DNA. 3) No cells with intermediate or extra DNA were found in tissues examined during the growth period of animals, and neither octaploid nor higher nuclei appeared even in liver tissues of the adults. 4) 3H-thymidine labeling index showed high percentages in organs of embryo to 1 day after birth. 5) 3H-thymidine labeling index rapidly declined 1 week after birth in all the organs except in the cells of glandular stomach.
6) There is a close correlation between labeling and mitotic indices and the distribution pattern of DNA value. From these data it would be supposed that the appearance of the cells with extra or intermediate DNA value is due to the existence of the cell in S-phase.
